We investigated species composition of the bat assemblage in continuous forest and natural forest islands in a savanna ecosystem in northern Bolivia. We captured 396 bats of 24 species. Five species accounted for almost 70% of the captures: Sturnira lilium, Artibeus obscurus, Carollia brevicauda, Carollia perspicillata, and Artibeus lituratus. Species composition of the bat assemblage differed between continuous forest and forest islands; Artibeus jamaicensis and S. lilium were captured more often in islands, whereas Platyrrhinus helleri and Mesophylla macconnelli were more common in the continuous forest. The distribution of species over the forest islands and the continuous forest revealed a nested distribution pattern, with the continuous forest having the highest number of species, and the smallest island having the fewest species. However, bats were almost 5-fold more abundant in forest islands than in continuous forest. Examination of recapture data indicated movements of bats among forest islands and between islands and continuous forest. Our results suggest that bat populations, especially in the fruit-eating guild, can persist in a naturally fragmented landscape.
Habitat fragmentation is widely recognized as one of the most serious threats to biodiversity (Whitmore 1997) . It affects ecosystem functioning (Lord and Norton 1990 ) through changes in species richness and abundance (Cordeiro and Howe 2003; Cosson et al. 1999) , forest structure (Echeverría et al. 2007) , and through edge (Goosem 2002) , isolation, and distance effects (Andrén 1994), among others. Ultimately, habitat fragmentation can result in the local extinction of many species (Laurance et al. 2002; Turner 1996) .
In contrast to other groups such as primates and understory birds (Bierregaard and Stouffer 1997; Johns 1986; Lemos de Sa et al. 1990; van Roosmalen 1985) , many species of bats, and particularly generalist ones, can persist in fragmented landscapes (Aguirre 2002; Aguirre et al. 2003; Fenton et al. 1992; Law et al. 1999; Schulze et al. 2000) . This apparent tolerance to fragmentation is explained by the ability of bats to cross habitat boundaries and to fly over open areas to reach resources that are patchy in space and time (Montiel et al. 2006) . Consequently, forest fragments may not represent isolated islands for such species.
Nonetheless, not all species of bats do well in fragments (Galindo-González and Sosa 2003) . For example, carnivorous phyllostomines are generally restricted to forested habitats, and their abundances are low in disturbed environments (Gorrensen and Willig 2004; Medellín et al. 2000) . Moreover, even species that are abundant in fragments may be sensitive to fragmentation. In this sense, Henry et al. (2007) showed that even though Artibeus obscurus remained ubiquitous in the fragmented forest of Saint Eugene (French Guiana), the population in the fragments was under greater stress than the population in continuous forest, as revealed by a strong deviation in the population's sex ratio and higher hematocrit levels in fragments compared to the continuous forest. Additionally, changes in the structural characteristics of the forest in forest fragments also have been shown to affect occupancy of bats (Yates and Muzika 2006) .
Although in the past 2 decades research has addressed bat composition in fragmented habitats (e.g., Aguirre 2002; Aguirre et al. 2003; Fenton 2002, 2003; Brosset et al. 1996; Cosson et al. 1999, Estrada and Coates-Estrada 2001; Estrada et al. 1993a Estrada et al. , 1993b Gorrensen and Willig 2004; Montiel et al. 2006; Schulze et al. 2000; Wagner et al. 1995; Yates and Muzika 2006) , very few of these studies have been carried out in natural forest fragments that, unlike anthropogenic fragments, have been isolated from the continuous forest for hundreds, and in some cases, thousands of years. Although the information acquired on anthropogenic fragments has provided insight regarding the ''immediate'' biological effects after habitat isolation, long-term processes and the fate of species after fragmentation cannot be studied in such fragments (Corlett and Turner 1997) .
In northeastern Bolivia, the Moxos Plains consist of a complex mosaic of habitats that include continuous terra firma forest, forest islands, and open grasslands (Hanagarth 1993) , which together constitute a naturally fragmented landscape. The forest islands form discrete units of forest vegetation in the landscape, frequently upon slightly elevated ground that stands above the annual flood line. They have a canopy height of up to 30 m, and although predominantly dominated by palms (Attalea phalerata), it is also common to find plant species typical of continuous forests (Comiskey et al. 2000; Moraes et al. 2000) . The origin of the islands is debated. It has been suggested that processes such as termite and ant mound establishment, as well as tree grove establishment may in some instances account for island formation (e.g., Hanagarth and Sarmiento 1990) . However, Langstroth (1996) recognized that the primary mode of island formation was the fragmentation and erosion of ancient natural levees and, in a few cases, the result of abandoned artificial mounds raised up to 2 m above the flooded savanna by Indians in the pre-Hispanic period. He also concluded that although forest islands in the Moxos Plains have been altered in some way by prehistoric or modern human activity, or both, this activity has led to only limited instances of forest fragmentation in the region (Langstroth 1996) . Ultimately, the origin of the islands is estimated to be around 4,000 years ago, hence this landscape provides an opportunity to investigate how bats have adapted to long-term fragmentation, and can help understand the mechanisms of species impoverishment in fragmented landscapes.
Here, we compare the bat assemblage in a large area of continuous, mature tropical forest to that of naturally occurring forest fragments (hereafter, forest islands) during the dry season, in Beni Biological Station-Biosphere Reserve. Specifically, we addressed the following questions: how does the bat assemblage differ between continuous forest and forest islands-savanna habitat, and is the assemblage of bats in the forest islands nested within that of the continuous forest? We predicted distinct bat assemblages for the continuous forest and the forest island-savanna habitat, where the former would be characterized by specialists and canopy species, whereas the latter by generalist and understory species. Additionally, we hypothesized that the bat assemblage in forest islands would be nested within that of the continuous forest because nestedness is predominant in habitat fragments derived from a once continuous system with a common species pool that has subsequently become isolated (Atmar and Patterson 1993) .
MATERIALS AND METHODS
Study area.-Fieldwork was conducted from June to August 2001 at Beni Biological Station-Biosphere Reserve in Beni, Bolivia (148309-148509S, 668409-658509W; approximate elevation 200 m). The area receives on average 1,900 mm of rain annually and has a mean annual temperature of 268C (Miranda 2000) . The reserve is located within the region of the Moxos Plains. Almost 60% of the reserve (80,000 ha) is represented by a large tract of continuous and largely undisturbed forest, whereas the rest consists of savanna (Ribera et al. 1990 ).
Within the savanna, forest islands are a prominent element of the Moxos Plains (Hanagarth 1993) . Forest islands constitute isolated units of forest (0.5-20 ha), with canopy heights of up to 30 m (Moraes et al. 2000) . The savanna encompassed by Beni Biological Station-Biosphere Reserve is divided into 2 sections. The section farthest from the forest is subject to cattle grazing, and managed with annual burns. Although the cattle density is low, degradation of the vegetation structure in the forest islands is evidenced by the fact that there is virtually no understory (Comiskey et al. 2000) . In the section nearest to continuous forest no fire management is carried out and cattle have been excluded for more than 20 years. The islands selected for this study belonged to this latter group.
Site selection.-Five forest islands and 5 sites in the continuous forest were selected for the study. Islands ranged from approximately 0.5 to 3 ha and were within 3 km of the continuous forest. Site selection in the continuous forest was based on accessibility; however, sites had to be separated by at least 600 m from each other, and be within approximately 1 km of the forest's edge with the savanna (Fig. 1) . Sampling within the continuous forest was designed to encompass approximately 1 ha to approximately match the area of sites in the forest islands. Sampling between continuous forest and forest islands was alternated between sites to control for possible seasonal effects.
Sampling bats.-We sampled bats from June to August 2001 using mist nets. Each site was sampled for 3 consecutive nights avoiding full or nearly full moon nights because bat activity can decrease during this moon phase (lunar phobia -Morrison 1978) . During each sampling night, 7 (6 m, 36-mm mesh) mist nets were used to capture bats. In the forest islands, nets were placed so as to encompass the whole island, whereas in the continuous forest they were located in representative vegetation sites across approximately a 1-ha area. At each forest island, 2 additional nets were positioned in the savanna at 30 m from the island edge to capture bat species either leaving or entering the island, or traveling through the savanna. Nets were opened at 1830 h and were checked at 30-min intervals until closing at 0130 h. This 7-h period includes the peak foraging activity for phyllostomid bats (Heithaus and Fleming 1978) . Sampling effort was standardized with net-hours as the unit of effort (one 6-m-long mist net set for 1 h equals 1 net-hour). Total sampling effort was 1,470 h (735 h each in continuous forest or forest islands) plus 210 net-hours in the savanna.
Bats were processed, marked, and released at the point of capture. Processing included species identification and determination of sex, reproductive stage (evidence of testicular descent, pregnancy, or lactation), relative age (juvenile, subadult, or adult), weight (to the nearest 0.1 g), forearm length (to the nearest 0.1 cm), body length, foraging associations (cf. Gardner 1977) , time, and site of capture. We determined the relative age of bats by a combination of pelage features, body mass, and by degree of fusion of the metacarpal epiphyses (Edythe 1988) . To document bat movement across sampling sites, we marked all bats by piercing between 2 and 8 small holes (,1 mm) in the wing membrane. This marking procedure is temporary (,1 year) and less injurious than attaching wing bands (L. F. Aguirre, Universidad Mayor de San Simon, pers. comm.); however, rehandling of the bats is necessary for individual identification. Each capture site had a unique hole pattern. Consequently, when a bat was recaptured we could determine at which site the bat had been previously caught. Taxonomic nomenclature for bats followed Aguirre and Anderson (1997) and Anderson (1993) . Field methods met guidelines approved by the American Society of Mammalogists (Gannon et al. 2007 ).
Data analysis.-We used several procedures to compare the species of bats that used forest islands with species that used continuous forest. First, we generated rarefaction curves for both habitats using EcoSim version 6.0 (Gotelli and Entsminger 2001) to determine if differences in the number of species found in each habitat were not simply a consequence of sample size (Gotelli and Colwell 2001) . Second, we used a 2-tailed Fisher's exact test to determine if the frequencies of understory and canopy species of frugivorous bats are similar in both continuous forest and forest islands. Third, species composition of bat communities was compared between habitats using a Bray-Curtis ordination. In this case, the data matrix was relativized by species (columns) and sites (rows) so that the position of sites in relation to each other was graphed according to their similarities in relative species composition, rather than being influenced by number of captures or abundance of common species only. Fourth, we used a partial Mantel test to determine whether there was spatial autocorrelation in the bat species composition. This test allows a comparison to be made between 2 variables, while controlling for a 3rd (Fortin and Gurevitch 1993) . Specifically, we computed the correlation between 2 distance matrices, 1 matrix represented the euclidean distances among sites and the other the number of individuals captured of each species per site, while controlling for habitat type (continuous forest or forest island) using a 3rd matrix that indicated the habitat at each site. The null hypothesis for this test is that the relationship observed between the 2 distance matrices could have been obtained by any random arrangement in space of the observations through the study area.
Finally, we used the ''nestedness temperature calculator'' (Atmar and Patterson 1993; Patterson 1995) to determine whether patterns of bat occurrence in the continuous forest and forest islands created nested species distributions among the surveyed sites. This program maximally packs the presenceabsence species matrix by ranking all sites according to their species richness (Cutler 1991) . In a matrix that is perfectly nested, the set of species on an island is a perfect subset of the species on the island that precedes it in the matrix. In such a matrix, the hypothetical line that divides the occupied from the unoccupied area of the matrix is defined as the ''extinction'' or ''occurrence'' boundary (Atmar and Patterson 1993) . Species absences above the line and species presences below the line are classified as ''unexpected.'' Once the matrix has been maximally packed, the program then calculates a ''matrix temperature,'' which is interpreted as a relative measure of disorder in the extinction order of each site. This temperature ranges from 08 (completely replicable extinction order) to 1008 (completely random extinction order- Atmar and Patterson 1993 ). An unexpected presence or absence of a species in a site (i.e., idiosyncratic species) will generate a higher matrix temperature (Atmar and Patterson 1993 ). Monte Carlo techniques are then used to assess the probability that a nested pattern could be obtained randomly from the species distribution. The program does have some limitations (Fischer and Lindenmayer 2002) and some absences within the matrix may be an artifact of undersampling (Cam et al. 2000) but this is only likely to be the case in the continuous forest sites. For this analysis the 5 forest islands were considered independently but all sites in the continuous forest were grouped and treated as one. The underlying assumption for this grouping is that the forest acts as a single unit and that all species can freely disperse within the forest.
RESULTS
Species composition.-We captured a total of 396 bats belonging to 24 species and 6 guilds ( Table 1 ). Rarefaction analysis revealed that for a sample of 66 captures, the continuous forest had significantly higher bat species richness than the forest islands (15 species versus 12 6 2.05 SD; P , 0.05). However, species accumulation curves did not reach an asymptote in either habitat indicating that species were still being added in both continuous forest and forest islands (Fig. 2) . Fruit-eating bats (obligate or partially frugivorous) accounted for approximately 88% (n ¼ 350) of the captures and represented 14 species from the family Phyllostomidae (Table 1 ; Fig. 3 ). Among these 14 species, 5 accounted for 70% of the total captures: Sturnira lilium (21.9%), Artibeus obscurus (17.4%), Carollia brevicauda (12.8%), Carollia perspicillata (9.8%), and Artibeus lituratus (8%). The frequencies of canopy and understory frugivorous species did not differ between forest islands and continuous forest (n ¼ 21, P ¼ 0.34; Fisher exact test), thus their relative proportion was maintained in both habitats.
Species composition of bats differed between continuous forest and forest islands as indicated by the Bray-Curtis ordination (Fig. 4) ; the first 3 axes accounted for 20.75%, 19.33%, and 17.18% of the variation, respectively. Continuous forest and forest islands separated largely along axes 2 and 3, where Artibeus jamaicensis and S. lilium were captured more often in forest islands, and Platyrrhinus helleri and Mesophylla macconnelli were captured more often within the continuous forest (Table 2 ; Fig. 4) . However, bat composition did not show a spatial structure (partial Mantel r ¼ À0.19, P . 0.05). Hence, bat compositions of sites that were close together (controlled by habitat) were not more similar than those of sites that were farther apart.
The distribution of species over the forest islands and the continuous forest revealed a nested distribution pattern (Fig. 5A) . The distribution of the 21 species among the 5 forest islands and the continuous forest yielded 6 classes of species richness (range 3-15 species), with the pooled continuousforest sites having the highest number of species (Fig. 5A) . The ''matrix temperature'' observed was 15.178 and after 1,000 simulations the probability that the observed temperature fell within the range of simulated scores was 2.49 À4 (Fig. 5B ). This supports a replicable pattern of extinction. Eight of the 21 species were idiosyncratically distributed (i.e., had a higher temperature than the system temperature of the matrix) among the islands and the forest (Fig. 5C ). These species were Glossophaga soricina, Desmodus rotundus, Platyrrhinus brachycephalus, Noctilio albiventris, Myotis nigricans, Phyllostomus hastatus, Lasiurus ega, and Tonatia brasiliense.
Recaptures from other sites.-We recaptured 25 bats of 8 species; 13 of these individuals were recaptured at sites different from that of the marking site. Distance from the original marking site ranged from approximately 0.5 to 2 km. The most commonly recaptured species were C. brevicauda, which accounted for 36% of the recaptures, followed by S. lilium, which accounted for 28%. Recaptures indicated movements of bats among forest islands and between forest islands and continuous forest. For example, among the 4 individuals of C. brevicauda recaptured, 3 were recaptured at forest islands between 450 and 2,000 m from their original capture islands, and 1 individual was recaptured in the continuous forest approximately 800 m from the original capture island (Table 3) .
DISCUSSION
In a world where conversion of forest to farmland and pastures is occurring at an accelerating rate (Turner and Corlett 1996) , studies documenting the patterns of species abundance and composition in the remaining forest fragments are a critical 1st step to understanding the dynamics of a fragmented landscape. Thus far, most studies have focused on anthropogenic fragments (e.g., Gorrensen and Willig 2004; Laurance and Bierregaard 1997) , whereas less attention has been paid to natural fragments (but see Montiel et al. 2006) . Unlike anthropogenic fragments, natural forest fragments have experienced long-term isolation and can thus provide new insight into the effect of long-term fragmentation on ecosystem processes.
In this study, the most prominent difference observed between the continuous forest and forest islands was that bats were almost 5-fold more abundant in the latter than the former. At equal sample sizes, however, the continuous forest was Sites in both habitats are plotted according to their factor scores along the first 3 ordination axes (see Table 2 ). richer than the forest islands and showed a steeper curve (Fig. 2) , suggesting that this habitat is accumulating species at a much higher rate than the forest islands. The lower capture rates of bats, particularly frugivorous bats that were recorded in the continuous forest, are probably associated with fruit availability, because it has been shown that frugivores respond to spatial and temporal changes in fruit availability (Fleming 1988; Loiselle and Blake 1991) . During our study, the number of fruiting species in the forest was 3-fold lower than in the forest islands; moreover, the mean amount (g) of fruit biomass available per night was 9-fold higher in forest islands than in continuous forest (7,102.4 g in islands compared to 765.8 g in the forest). However, low captures rates also may result from the lower probability of a bat being caught in a net in the continuous forest. In comparison to the continuous forest, bats in forest islands are concentrated within a relatively small area (e.g., within 0.5-3.0 ha), hence they are more likely to be caught by nets placed across the island than in nets placed in extensive tracts. Additionally, although canopy height of forest islands can reach up to 30 m, it is more common to see islands with a canopy of 15-20 m. Therefore, it is likely that at least some species of bats in forest islands fly at lower heights than bats in continuous forest, where the canopy is much higher, ultimately also resulting in higher capture rates in forest islands.
Low capture rates in the continuous forest at Beni Biological Station-Biosphere Reserve, in contrast to the forest islands, is generally the opposite pattern to that found in other areas. In other areas of the Neotropics, lower capture rates in forest fragments have been explained by lower resource availability Column numbers indicate the number of sites where a species was found. Column letters indicate species identity as follows: a) Artibeus obscurus and C. perspicillata, b) Sturnira lilium, c) Carollia brevicauda, d) Artibeus jamaicensis, e) Artibeus lituratus, f) Uroderma bilobatum, g) Glossophaga soricina, h) Chiroderma trinitatum, i) Carollia castanea, j) Desmodus rotundus, k) Tonatia silvicola, l) Platyrrhinus brachycephalus, m) Noctilio albiventris, n) Platyrrhinus helleri, o) Mesophylla macconnelli, p) Myotis nigricans, q) Trachops cirrhosus, r) Phyllostomus hastatus, s) Lasiurus ega, t) Tonatia brasiliense, and u) Myotis simus. Note that the 1st column in the graph is represented by the 2 species that occurred at all sites. B) Distribution of simulated temperatures after 1,000 runs. C) Idiosyncratic species are identified by an unexpected presence or absence of a species in a site. in these habitats (e.g., Cosson et al. 1999) . Once a habitat is fragmented, pioneer understory species colonize the fragments and in some cases replace mature forest tree species (Laurance et al. 1998; Viana et al. 1997 ). This inevitably leads to a reduction of fruit availability of forest canopy species, which may limit the occurrence of bats that use these resources (e.g., Stenoderminae). Contrary to other fragmented sites in the Neotropics (e.g., Schulze and Whitacre 1999), the forest islands at Beni Biological Station-Biosphere Reserve have retained much of the mature forest species component. Moreover, Comiskey et al. (1998 Comiskey et al. ( , 2000 found that of thirteen 1-ha biodiversity monitoring plots located throughout the reserve, the plots located in forest island sites had the highest tree diversity per hectare (trees !10 cm diameter at breast height) with woodland species of both lowland forest and savanna.
Thus, given that the forest islands at Beni Biological Station-Biosphere Reserve are maintaining higher tree diversity than continuous forest, they are unlike other fragments in that they retain some extent of the continuous forest structure and composition and thus provide a wider array of resources for frugivores. If this is so, then forest islands at the study site should attract not only species of bats that feed mostly upon pioneer understory species (i.e., Carollia and Sturnira), but also bats that feed in the canopy of mature forest tree species. Given that there are no differences in the relative proportions of understory and canopy frugivores between the forest islands and the continuous forest, the results from this study suggest that forest islands provide resources for both groups of fruiteating bats. In this sense, we found that at the time of the study 4 species of Ficus were fruiting in the islands, as compared to only 1 in the continuous forest. Additionally, with the exception of M. macconnelli and P. helleri, all canopy frugivores recorded in the area were present in the forest islands. Both M. macconnelli and P. helleri have been previously detected either in forest fragments or in disturbed habitats in other areas (Cosson et al. 1999; Estrada et al. 1993a Estrada et al. , 1993b GalindoGonzález et al. 2000; Schulze et al. 2000) . Thus, it is likely that they are able to use the forest islands. However, it has been suggested that even though P. helleri can use fragments, it needs either riparian vegetation or habitat corridors to reach these fragments, because it seldom crosses open areas (Galindo-González 2004). Isolation also would explain why this species was not detected in the forest islands. Both P. helleri and M. macconnelli are rare (Ferrell and Wilson 1991; Kunz and Pena 1992) , but were only detected in the continuous forest even though sample size there was 5-fold lower than in forest islands. This finding is contrary to what would be expected by chance and may indicate that M. macconnelli and P. helleri do indeed prefer continuous forest.
The bat fauna in the continuous forest and forest islands at Beni Biological Station-Biosphere Reserve during this study exhibited a nonrandom pattern of distribution. Instead, distribution of bats followed a nested pattern: most species occurred in the continuous forest with the forest islands supporting fewer species. Nested subset distributions are usually found to be a result of area effects where successively smaller fragments contain a subset of species found in larger fragments (e.g., Blake 1991) . Interestingly, the smallest forest island (I3) was the one in which the fewest number of species was detected. However, this result needs to be interpreted with caution because numerous factors may have helped shape the species distribution. For example, although I3 had the fewest species, this island also was sampled during unusually cold nights that followed a storm system. Thus, results may reflect low activity patterns (i.e., only 9 bats were captured during the 3 sampling nights) rather than a bat-depauperate island. Results also are difficult to interpret because the proximity among islands and, most importantly, the high mobility of bats can cause changes in distribution patterns (Bernard and Fenton 2003; Montiel et al. 2006) . Thus, the nested distribution may change with greater sampling effort or sampling in a different season.
Most of the idiosyncratic species identified in the nested subsets are species that were detected only once during the study (e.g., P. brachycephalus, M. nigricans, Phyllostomus discolor, L. ega, and T. brasiliense) and, thus, we cannot really conclude anything regarding their distributions because of small sample size. Three species had idiosyncratic distributions even though the number of captures was higher: G. soricina (n ¼ 26), D. rotundus (n ¼ 3), and N. albiventris (n ¼ 3). The ''temperature'' of G. soricina results from its unexpected presence in I3, the most depauperate island. G. soricina is a bat commonly found throughout the Neotropics (Alvarez et al. 1991; Medellín et al. 2000) and it has been reported to have large home ranges (Heithaus et al. 1975) . Finding this species at I3 may be related to the presence of a large bat roost in that island. Although we cannot confirm whether G. soricina used that roost, we observed several other species of bats using it. The distribution of D. rotundus is likely related to its ecology. This species was absent from the continuous forest, but was present in the 2 most-speciose forest islands (Figs. 5A and 5C ). This is likely because D. rotundus is a sanguivore that feeds mainly on blood of livestock (Greenhall et al. 1983) , and some sections of the savanna at Beni Biological Station-Biosphere Reserve are used for cattle grazing. Furthermore, the savanna in ranches adjacent to the station is used for cattle grazing at much higher densities than that at Beni Biological Station-Biosphere Reserve. Finally, the distribution of N. albiventris was likely influenced by the presence of a roost of this species at I4 (Fig.  5A ). N. albiventris is an insectivore that forages over rivers, streams, and marshes (Hood and Pitocchelli 1983) , and it is unlikely to be caught within a forest island. At I4, individuals of N. albiventris were caught in nets near the roost. Consequently, the capture of this species is probably a direct result of the presence of the roost.
To what extent do bats live in the forest islands as opposed to just visiting the islands while foraging over a wide area? Evidence from recapture data as well as movement patterns of S. lilium (Loayza and Loiselle 2008) reveals that bats move freely across this landscape and, thus, forage over large areas. However, islands are not just visited by bats but also provide roosting sites. During our study, we observed active roosts of at least 5 species of bats (C. brevicauda, C. perspicillata, S. lilium, A. obscurus, and N. albiventris) in almost all islands. We monitored a roost of S. lilium and found several individuals with evidence of lactation or embryos suggesting that some bat species also may reproduce within the islands.
Our results suggest that bats can persist and reproduce in this naturally fragmented landscape, most likely because they are capable of crossing the savanna matrix and therefore able to use different habitats (Bernard and Fenton 2003; Montiel et al. 2006) . Malcom (1997) suggested that, compared to diurnal mammals, nocturnal mammals such as bats are more likely to cross a nonforested matrix because they perceive less difference in risk between the forested and the nonforested habitat when flying in the dark. In this study, evidence of movements across the savanna is given by the recapture of individuals at sites other than their original capture sites and by the fact that many species (n ¼ 11; Table 1 ) were captured in the nets in the savanna. Movement across habitats is highly influenced by the matrix, which can act as a filter agent enabling some species and not others to cross (e.g., Cosson et al. 1999) . In this sense, Laurance et al. (1998) suggested that matrices could be ranked in terms of their capacity to allow movement among the elements in a landscape. They determined that water, row crops, and pastures were the most unfavorable matrices for gene flow. Nonetheless, despite a pasture being an unfavorable matrix, our study shows that there is movement of bats across the savanna, which indicates that this matrix may not be impermeable, at least to some species of bats. Although crossing the savanna matrix can impose a cost, such as higher predation risk (Janzen et al. 1976 ), bat species reaching forest habitats outside the forest may be rewarded by encountering patches that are resource rich (Comiskey et al. 1998) .
In summary, the results from our study show that bat populations, especially in the fruit-eating guild, can persist in a naturally fragmented landscape. Although individual forest islands may not be able to sustain large populations of bats, these habitats provide abundant fruit resources in comparison to the forest. Although it is uncertain if this pattern is maintained throughout the year, at least during the dry season, forest islands at our site provided more fruit resources than the continuous forest. Because forest islands at Beni Biological Station-Biosphere Reserve retain similar vegetation structure and tree composition as the continuous forest, they also provide the roosting requirements for several species of bats. Furthermore, the rarefaction curves for neither habitat reached an asymptote, indicating that more species will be added to both habitats with more sampling effort. Additional sampling methods, such as canopy nets, harp traps, and passive monitoring system are undoubtedly necessary to completely sample the bat assemblage in this landscape. Finally, we concur with Gorrensen and Willig (2004) in that forest fragments should be considered in management plans because they can contribute to the maintenance of biodiversity.
RESUMEN
Investigamos la composición de especies del ensamble de murciélagos en bosque continuo e islas naturales de bosque en un ecosistema de sabanas en el norte de Bolivia. Capturamos 396 murciélagos de 24 especies. Cinco especies representaron el 70% de las capturas: Sturnira lilium, Artibeus obscurus, Carollia brevicauda, C. perspicillata y Artibeus lituratus. La composición de especies del ensamble de murciélagos difirió entre el bosque continuo y las islas de bosque. Artibeus jamaicensis y S. lilium fueron capturados con mayor frecuencia en las islas de bosque, y Platyrrhinus helleri y Mesophylla macconnelli en el bosque continuo. Los murciélagos presentaron un patrón de distribución anidado. El bosque continuo tuvo el mayor número de especies, y la isla más pequeña el menor número de especies. Sin embargo, los murciélagos fueron cinco veces más abundantes en las islas de bosque que en el bosque continuo. Los datos de recaptura muestran movimientos de murciélagos tanto entre islas, como entre islas de bosque y bosque continuo. Nuestros resultados sugieren que las poblaciones de murciélagos, y particularmente de murcié-lagos frugívoros, pueden persistir en un paisaje naturalmente fragmentado.
